Background
The association between diet and acne has been highly controversial in dermatological practice and research history. Regardless of the overall relationship between diet and acne which cannot be easily ignored, research may clarify the possible association between specific nutrients and acne development or improvement (1) (2) (3) . Based on evidence regarding the anti-inflammatory effects of free fatty acids like linoleic and lauric acid in sebum to inhibit Propionibacterium acnes, herbs containing linoleic acid are thought to be applicable in acne therapy (4) . Therefore, sunflower and pumpkin seed oils as well as flax or linseed oil have been used as a preparation for dermatological treatments including acne (5) . Regardless of the question that how strong is the theory on the efficacy of topical sunflower seed oil in treating acne, it is important to find out if eating sunflower seeds that is a common nutritional habit in some areas can affect the development or the severity of acne vulgaris. This is while reliable evidence to be introduced by clinical trials is not available to show the efficacy of oral sunflower seed in improving or aggravating acne.
Objectives
The aim of this pilot study was to assess the effect of dietary intake of sunflower seeds on severity of acne and the pattern of acne lesions.
Patients and Methods
In a randomized controlled trial in 2009, 50 patients aged 15 -30 years old with acne vulgaris were enrolled. The patients were enrolled through consecutive convenient sampling method from an outpatient dermatology clinic in Ardabil province, northwest of Iran. They were randomly allocated into two trial arms as intervention and control group arms, using block randomization. The randomization sequence was generated using Microsoft Excel software package (6) . It was concealed using alloca-tion labels given by one of the reception staff according to the sequence and the patients' order in the clinic registration list. It was implemented by the physician according to the label provided by the reception desk.
Those in the control group were asked to stop eating sunflower seeds if they did before. The intervention group consumed 25 g sunflower-containing food daily for seven days. This is the current form of packaging sunflower seeds which people in Iran are used to buying and consuming in each single occasion. The consumption period was selected not to be longer than one week due to safety considerations, as this was the first interventional research experience in this field. Although consuming sunflower seeds is a very enjoyable way of participating in a clinical trial, to ensure higher compliance, the dosage was also chosen based on the current consumption habits of Iranian people. The subjects were also asked whether they had used it per-protocol. All the patients were assessed for their acne status at baseline, after seven days and finally after 14 days. Due to limited available data in the literature, the only logic for choosing this evaluation time was the personal practice experience of the first author who had noticed some patients complaining of aggravating acne lesions 10-14 days after consuming the seeds.
The evaluations were conducted by an experienced dermatologist. Blinding was not possible in this study and randomization was performed after the informed consents were obtained. Clinical evaluations were performed according to the available recommended clinical evaluation tools recommended internationally and used also in previous Iranian studies. To assess the acne severity, a precisely defined severity tool called acne severity index (ASI) was applied. The formula used to calculate ASI was 2 × pustules + 1 × papules + 0.25 × comedones. Moreover, global acne grading score (GAGS) was also used as a previously used acne grading scale (7) (8) (9) .
To test an equality hypothesis, the primary outcome of interest was occurrence of 10% increase/decrease in baseline ASI, sustained to the end of the follow-up period. Other outcomes assessed in this study were global acne GAGS, number of comedones, papules, nodules, and pustules.
The exclusion criteria were; acne conglobata, cystic nodular acne, Gram-negative folliculitis, fulminans, acne therapy in the recent three months, and using drugs that cause acne.
A primary power analysis was conducted to distinguish 30% difference of 5% presumed background aggravation rate, accepting 5% type 1 error and 20% type 2 errors. This yielded a sample size of 66. Seventy-two patients were assessed for eligibility and 22 were excluded due to the exclusion criteria. Due to ethical considerations and unavailability of reliable information in power analysis, the consultation board recommended the sample size to be as low as possible and approved the study as a pilot study; thus, the randomization was conducted on 50 patients ( Figure 1 ). Data were entered into the computer and analyzed using Stata 11 statistical software package. Both descriptive and analytical methods were used. The difference in the mean ASI and the mean GAGS were initially tested using paired and independent t-tests. The groups were compared regarding the primary outcome of the study using initial chi-square and Fisher's exact tests, followed by the calculation of relative and absolute risk differences of the groups along with their 95% confidence intervals (CIs). The traditional Poisson regression for counting data assumes statistical independence of observations, which is not usually held for multiple measurements over time. However, Poisson regression methods for longitudinal data have been introduced to overcome such limitation and it was applied in this study to compare the trends of acne lesion counts between the groups (10) . Considering that we could not assume a directional hypothesis, all the tests were performed as two-tailed. A P value < 0.05 was considered as the level of statistical significance. The study protocol was approved in 2009 by the responsible committee for research and ethics in Islamic Azad University (Ardabil) to the responsibility of the first author as the main researcher. The ethical code for the regional committee of ethics was ARUMS.Rec.93.54. Verbal informed consents were obtained from all the participants, letting them know about possible benefits and risks of the investigation and they were assured of the confidentiality of information they provided.
Results
Of all the 50 patients, 36 (72%) were female. The mean age of the participants was 23.5 ± 4.6 years without any statistically significant difference between the groups. Seventy four percent of the participants had acne history in their family. A history of previous treatment was found in 62%. A history of coincident hirsutism was observed in one-fifth of the patients and 20% also complained of oily skin. Mean count and count standard deviation of different acne lesions compared over the follow-up time and also between the two groups are descriptively presented in Table 1 . Count trends of different acne lesions were compared between the trial groups using Poisson regression for longitudinal data, which did not find statistically different trends in spite of a descriptively larger slope observed in the sunflower group.
As shown in Figure 2 , the mean ASI did not significantly change over time in the control group, but it increased in the sunflower group from 62 in baseline to 86.8 after two weeks (P < 0.001). The ASI mean change was 24.8 in the sunflower group compared to 4.9 in the control group. The change difference between the groups was statistically significant (P < 0.001).
As shown in Figure 3 , GAGS score did not significantly change in any of the groups and the difference in change of GAGS score was not also different between the groups (2.4 in the sunflower group versus 1.6 in the control group).
Twenty two patients (88%) in the sunflower group versus 9 (36%) in the control group developed at least 10% increment in ASI throughout the follow-up period (P < 0.001). The relative risk of developing the primary outcome in taking sunflower seed intervention was 2.4 (95% CI: 1.4 -4.2). The observed risk difference was 0.52 (95% CI: 0.29 -0.75). 
Discussion
Our findings showed an aggravating effect for the intake of sunflower seeds on acne vulgaris. This study detected such an effect to be prominent on the ASI index. The results of the present study can be considered internally consistent, because of the coherence of the results in three aspects. First, the before-after aggravation was only observed in the investigational arm and a significant effect was not observed in the control group. Second, the mean change in ASI index was statistically different between the groups with a relatively high mean difference. Finally, taking into account the clinical significance difference of 10% as a basis for dichotomizing the effect measure led to a relative risk equal to 2.4 (95% CI: 1.4 -4.2).
Although very few studies have specifically addressed the association of sunflower seed intake with acne, most of the previous researches have been performed on dietary groups, such as foods with high percentages of carbohydrate or oil in them. Most of the studies on diet and acne have been observational, mostly cross-sectional, case-control, and a few cohort studies (11) . Clinical trial studies constituted a small share in the related literature. Very few controlled clinical trial studies have addressed the effects of diet on acne (12) (13) (14) . Chocolate and milk have gained more attention in diet research, the latter being the most frequently cited acne-causing food (11) . One plausible theory to explain the possible association of high carbohydrate or oily food intake with acne may be the development of insulin resistance and a resulting cascade of increased androgens, increased insulin-like growth factor (IGF)-1 and altered retinoid signaling pathways (2, 15, 16) . As another aspect of plausibility, based on the known association of acne severity with facial sebum secretion, it has been hypothesized that foods high in fat or carbohydrates may exacerbate acne by production of more comedogenic sebum by increasing blood lipid levels or by producing sebum that is less fluid, which may in turn obstruct pilosebaceous follicles (2). However, contrary to animal studies consistently showing increases in insulin resistance on high-fat diets, this is controversial in humans studies (17) . The general consensus among the experts is that the available evidence is insufficient to prove such association (2) .
The specific role of sunflower seed in etiology or treatment of acne vulgaris has been stated in several studies. Most of these studies have considered a therapeutic effect for its topical products. The theory discussed in these studies has been mainly based on fatty acid gradients of sunflower seed and relating it to the anti-inflammatory effects of free fatty acids in sebum which were found to inhibit P. acnes (4, 5) . Randomized treatment-specific trials have not been the base of conclusions made on efficacy of topical form of products with sunflower seeds. Few available studies were based of using multigradient topical products without strong methodological requirements to conclude on isolated efficacy of sunflower seeds or even the efficacy of combined products. The most recent review supporting the use of topical products in this regard states that the anti-inflammatory effects of free fatty acids in sebum, particularly linoleic and lauric acids, have been found to inhibit P. acnes. The authors then concluded that plants containing linoleic acid may be applicable in acne lesion reduction. Referring to the two previous articles, they considered naming of some plants like sunflower and pumpkin seed oils as well as flax or linseed oil, which have a high fatty acid content, mainly linoleic and linolenic acids, which were incorporated into a preparation for dermatological treatments including acne (4, 5, 18) . However, the same review stated that evaluation of these vegetable oils in acne treatment should be performed. Even if we consider positive effect for topical sunflower seed on acne, this cannot discard a reverse effect of oral consumption of sunflower seeds. No doubt, much research is needed to confirm or clarify these observations, including basic science research, necessary for developing a plausible theory.
Regarding the sunflower seed intake, a study in Turkey found eating sunflower seed as a possible aggravating factor for acne vulgaris. However, the study was mainly comparative rather than controlled interventional. Based on a wide literature review in the present study, it seems that our study was possibly one of the first randomized clinical trials to assess the effects of sunflower seed on acne vulgaris.
In this study, we observed some improvements in the control group. However, it was just a descriptive change and was not statistically significant, indicating a high chance of random error if trying to extrapolate sample observations. Nevertheless, an explanation for this finding can be such that when someone finds his/her acne status to be bothersome enough to seek medical consultation, this may also convince the patient to make some nutritional or health behavioral changes, which in turn may affect the acne severity. Furthermore, we would like to stress that our methodology addressed an aggravating effect of sunflower seeds consumption on acne vulgaris rather than a causative role in acne development. A different methodology may be needed to investigate a causative role. We believe that this study can be considered as a starter for future focused research. However, as a randomized clinical trial, the results are strong enough to hypothesize an aggravating role for consumption of sunflower seeds in patients with acne vulgaris. It may also alert ethical considerations in design of future clinical trials. Therefore, the authors suggest future randomized clinical trials to be designed and conducted on an exposure elimination methodology rather than giving sunflower intake to those who do not usually consume it in their diet.
Limitations and Strengths
As like in majorities of randomized clinical trials, control of confounding was relied to be done through randomization for unmeasured-unknown confounders or through the analysis. The baseline severity of lesions was controlled through analysis in the present study, but factors such as hormonal status or other nutritional habits were assumed to be controlled through randomization, which is a reasonable approach in exploratory clinical trials. The small size and short term of investigation were other limitations of this study which re reasonable due to the early phase of the study. The main strengths in this study were the use of randomization for controlling possible confounding as well as the use of two internationally recommended clinical assessment tools.
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